Apoptosis is mainly brought about by the activation of caspases, a protease family with unique substrate selectivity. In mammals, different complexes like the DISC complex or the apoptosome complexes have been delineated leading to the cleavage and thus activation of the executioner caspases. Although caspase-3 is the main executioner caspase in apoptosis induced by serum starvation in AKR-2B fibroblasts as demonstrated by affinity labeling with YVK(-bio)D.aomk and partial purification of cytosolic extracts by high performance ion exchange chromatography, its activation is apparently caused by a noncanonical pathway: (1) Expression of CrmA, an inhibitor of caspase-8, failed to suppress apoptosis; (2) There was no formation of high molecular weight complexes of Apaf-1 indicative for its activation. Furthermore no cleavage of caspase-9 was observed. But surprisingly, gelfiltration experiments revealed the distribution of caspase-3 and -6 into differently sized high molecular weight complexes during apoptosis. Though the apparent molecular weights of the complexes containing caspase-3 (600 kD for apoptosome and 250 kD for microapoptosome) are in accordance with recently published data, the activity profiles differ strikingly. In AKR-2B cells caspase-3 is mainly recovered as uncomplexed enzyme and in much lower levels in the apoptosomes. Remarkably, the 600 kD and 250 kD complexes containing activated caspase-3 were devoid of Apaf-1 and cytochrome c. In addition a new 450 kD complex containing activated caspase-6 was found that is clearly separated from the caspase-3 containing complexes. Furthermore, we disclose for the first time the activation of caspase-12 in response to serum starvation. Activated caspase-12 is detectable as non-complexed free enzyme in the cytosol.
Introduction
Selective cell death has an extraordinary function during development and homeostasis of tissues. The identification of the genetic regulation of apoptosis, of its orderly phenotypes, and of its essential role has led to the current concept that the majority of cells can only survive in the presence of appropriate growth or survival factors. In all cases that have been studied to date, apoptosis is regulated by signals in form of cell lineage information, of soluble mediators, or of cell-tocell contact. Withdrawal of these signals leads to selective cell death by apoptosis.
This physiological cell death appears in many facets, but certain biochemical and morphological hallmarks, like chromatin condensation, DNA fragmentation and specific cleavage of proteins, are recurrent (for review see 1 ± 11 ). Particularly the latter is believed to be due to the activity of cysteine proteases, called caspases. The emerging evidence suggests that during apoptosis diverse regulatory pathways activate a common execution machinery, which carries out cell disassembly. Although this machinery is not yet completely understood, it is clear that essential components are these cysteine proteases. Due to their substrate specificity and their propagated role in apoptosis, the caspase family can be divided into three functional groups, the inflammatory caspases (casp-1, -4, -5, -11, -13, -14), the initiator caspases (casp-2, -8, -9, -10, -12) and effector caspases (casp-3, -6, -7).
12 ± 15 The activation of effector caspases, i.e. caspase-3, -6 or -7 is a crucial step and marks a point of no return. activation followed by a cleavage of the effector caspases-3, -6 and -7.
18 ± 21 (2) Alternatively, proapoptotic proteins are released from mitochondria, 20, 22, 23 like a 50 kD protein (AIF) that by itself suffices to cause nuclear apoptosis 24, 25 and the 15 kD cytochrome c protein which together with a cytosolic factor termed Apaf-1, dATP and caspase-9 forms a multimeric complex, termed apoptosome, leading to the activation of the bound executioner caspase. The activated caspase is then released to a smaller multimeric complex, the microapoptosome. 26 (3) Caspase-12 bound to the endoplasmatic reticulum (ER) is activated by ER stress leading to a subsequent cleavage of caspase-3. 27 High molecular complexes seem to organize the localization of caspases and may not only regulate the activation of initiator caspases but also that of effector caspases. 28 Density arrested AKR-2B fibroblasts die rapidly after serum deprivation. 29, 30 Morphological changes include membrane blebbing and chromatin condensation, but remarkably there is no DNA fragmentation. Apoptosis is abolished by the caspase inhibitors YVAD.cmk, 30 DEVD.-cho or Z-DEVD.cmk. 31 Multiple signaling pathways, which interfere with the activation of a caspase-3 like activity, have been identified. 29, 31, 32 Here we show that although all caspases are expressed in AKR-2B cells, caspase-3 is the main executioner caspase; caspase-7 protein is not detectable. Furthermore, we demonstrated the formation of three different sized complexes in response to serum deprivation. The 600 kD and a 250 kD multimeric apoptosome like complexes contain activated caspase-3, but are devoid of Apaf-1 and cytochrome c. In addition, we describe a new 450 kD complex where active caspase-6 is detectable. Moreover, the activation of caspase-12 by serum starvation is disclosed.
Results

Serum starvation of AKR-2B cells induce the activation of caspases
Apoptotic cell death of AKR-2B fibroblasts in response to serum starvation was demonstrated in earlier publications. 29 After 3 h serum starvation 20 ± 30% of cells undergo apoptotic cell death reaching a plateau of 50% surviving cells after 6 h. 30 The aim of this study was to characterize the process of caspase activation in these cells. First, the expression pattern of caspases in non-starved cells was determined by Riboquant assay (Pharmingen) using a commercial available template set and a self-constructed probe for caspase-9, respectively ( Figure 1 ). The mRNA of all analyzed caspases could be detected with the exception of caspase-14.
Next the activation of caspases during serum starvation was studied by enzymatic assays. Caspase activities were maximal 3 h after onset of apoptosis, as determined by photometric assays using cytosolic extracts of AKR-2B fibroblasts ( Figure 2A ). Cytosolic extracts of non-starved AKR-2B showed very little DEVDase activity, which increased 18-fold to maximum activity after 3 h of serum starvation and returned to base level after 8 h. DEVDase activity was completely suppressed by the inhibitor DEVD.cho, indicating that the activity was due to an activated caspase (presumably caspase-3). We observed substantial basal VEIDase, IETDase and LEHDase activities that were only partially suppressed by the respective inhibitors VEID.cho, IETD.cho or LEHD.cho, respectively. IETDase and LEHDase activities were only slightly increased after 3 h of serum deprivation (1.5-fold and 1.8-fold, respectively). The VEIDase showed a higher maximal (threefold increased) activity after 3 h of starvation, but this activity was only partially suppressed by 1 mM VEID.cho.
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Casp-1 Casp-14 L32 GAPDH Figure 1 Analysis of mRNA expression of caspases in AKR-2B cells. Total RNA of non starved AKR-2B cells was hybridized with DNA-probes from Pharmingen (mApo-1) and a probe for caspase-9, prepared as described under Material and Methods. Nuclease protection assay was performed according to manufacturer's instructions Though YVAD.cmk has been shown to inhibit apoptosis of AKR-2B fibroblasts, 30 no endogenous YVAD activity was detectable in response to serum starvation. 31 Whereas the activation of a DEVDase is quite evident and is likely due to the activation of caspase-3 or -7, the assignment of the VEIDase activity to an activated caspase-6 is ambiguous, since recombinant caspase-3 exhibits a considerable VEID.pNA cleavage activity (about 30% of that of DEVD.pNA). The activities were further characterized by determining their respective K m -or K i -values. Untypical high K M -values compared to the literature for DEVD (recombinant caspase-3: 14 mM), VEID (recombinant caspase-6: 35 mM) and IETDase (recombinant caspase-8: 40 mM) were found as illustrated in Table 1 .
The main active executioner caspase in AKR-2B fibroblasts is caspase-3
To further define activated caspases we applied the affinity label YVK(-bio)D.aomk which is reported to specifically label the executioner caspase-3, -6 and -2. 33 First the inhibition profile of YVK(-bio)D.aomk in the presence of various substrates was determined. The DEVDase activity was completely inhibited, whereas VEIDase and IETDase activities are only partially decreased (down to 50% and 70%, respectively, Figure 2B ). These data are in line with the above observation of constitutive VEIDase and IETDase activities, which were not inhibited by specific caspase inhibitors. 2D-gelelectrophoresis showed a rather simple spot pattern for affinity labeling with YVK(-bio)D.aomk which was identical to the pattern obtained by staining with a caspase-3-p17 antibody ( Figure 2C ), confirming that the caspase activity in AKR-2B fibroblasts is mainly due to caspase-3. Because DEVD.pNA is a substrate for both caspase-3 and -7, we further analyzed caspase-7 in Western blotting. As illustrated in Figure 3B caspase-7 protein is not detectable in AKR-2B compared to Jurkat cells lysates, although caspase-7 mRNA is expressed (see Figure 1) .
Caspase activities were partially purified by anionic exchange chromatography using a Resource Q column. In those fractions showing caspase activity ( Figure 3A , middle) only the active p17 subunit of caspase-3 was found and affinity labeling with YVK(-bio)D.aomk was exclusively detected in these fractions ( Figure 3A, top) . The zymogens of caspase-1, -2, -3, -6 and -12 as well as a cleavage product of caspase-12 (around 40 kD) eluted separately. Furthermore the activity profile associated with the peak eluting during the salt gradient is identical with that reported for recombinant caspase-3 (unpublished data). Remarkably no tetrapeptide cleavage activity was found in those fractions containing cleaved (activated) caspase-12.
Serum starvation of AKR-2B cells results in caspase-activities localized to different molecular weights (*600 kD, *250 kD and *60 kD)
To further characterize the DEVDase activity and to detect apoptosome complexes in our system, we used size exclusion chromatography to fractionate cytosolic extracts from both non-starved (=control) and 3 h starved (=apoptotic) AKR-2B cells. In contrast to Cain et al, 26 when an apoptotic extract from AKR-2B was separated by Sephacryl S300 column, DEVDase eluted mainly as uncomplexed enzyme around 60 kD and in a lesser extent complexed at 4700 kD, 600 kD and 250 kD, respectively ( Figure 4A, bottom) . By use of a specific peptide inhibitor for the DEVDase activity (DEVD.cho) it is shown, that the high molecular activity of 4700 kD was not inhibitable ( Figure 4B, top) , indicating unspecific activity. In contrast, DEVD.cho inhibited the activities in the other fractions. Using a Superose 6 HR column for a better resolution of the high molecular weight region these DEVDase activities appear to elute in a broad region from 42000 kD to 700 kD ( Figure 6A ) and the DEVDase activity is not inhibitable by its peptide inhibitor in the very high molecular range 41 MDa (data not shown). VEIDase eluted as a broad peak from 4700 kD ( Figure 4A ), again eluting as a broad peak from 42000 kD to 700 kD by using Superose 6 HR column ( Figure 6A ), down to 450 kD and as uncomplexed enzyme at 45 kD ( Figure 4A ). Unexpectedly, the VEIDase at 42000 kD to 600 kD was higher compared to the DEVDase activity. Again the activity 42000 kD was not inhibitable using the specific inhibitor VEID.cho ( Figure 4B , middle). In addition, gelfiltration of control extracts showed VEIDase activity in the region 42000 kD ( Figure 4A and 6A top), which was also not inhibitable by its specific inhibitors (data not shown), confirming unspecific protease activities. The additional activity peaks at 600 kD in control lysates, can be explained by constitutive caspase activities in this high molecular complex. Also IETDase activity which eluted in the expected fractions containing the 42000 kD complex was not inhibitable by its specific inhibitor (IETD.cho).
Thus, specific DEVDase activity was mainly found as uncomplexed enzyme and in lesser extent in the apoptosome of 600 kD molecular weight and the microapoptosome of 250 kD, respectively. Specific VEIDase eluted mainly with the apoptosome and with lower activities as uncomplexed enzyme.
Active caspase-3 and caspase-6 are localized to different complexes in apoptosis
The gelfiltration results presented above strongly suggest the existence of different multimeric complexes, which are involved in caspase activation. To further characterize these complexes, Sephacryl S300 column fraction were analyzed by SDS ± PAGE and Western blotting. In control extracts of non starved cells zymogens of both caspase-3 and caspase-6 eluted as free enzymes ( Figure 5A ). Caspase-3 zymogene additionally appeared in the high molecular region ( Figure 5A ) and was localized to 42000 kD by using a Superose 6 HR column ( Figure 6B ). The active subunits of caspase-3 and -6 are not detectable in any fraction, indicating that caspases are not processed in non starved AKR-2B. In fractions from extracts of apoptotic cells the zymogens still eluted as uncomplexed enzymes. The subunit p17 of activated caspase-3 was detectable mainly as uncomplexed enzyme in accordance to the DEVDase activity profile and in a lesser extent in the 250 kD microapoptosome and in the 600 kD apoptosome, respectively. In contrast, active caspase-6p12 eluted at 450 kD and as free enzyme. Surprisingly, activated caspase-6 as detected by Western blotting did not co-elute with the major VEID-activity in the high molecular weight range (4450 kD) (Figures 4A and 5A), though this activity was inhibited by the compound VEID.cho. Furthermore, there was only marginal VEIDase activity in those fraction which revealed the presence of cleaved (activated) caspase-3. The assessment of a VEIDase activity in the low molecular weight range is compromised by the presence of caspase-3, which exhibits a considerable activity towards the substrate VEID.pNa. To demonstrate caspase-6 activity Western blotting directed against its specific substrates ± the lamins (A/C and B) ± were performed, showing their cleavage in response to serum starvation ( Figure 5B ). This cleavage was prevented by the addition of the specific inhibitor Z-VEID.fmk ( Figure 5B lower panel) . Thus an activation of caspase-6 was evident by gelchromatographie in combination with Western blotting which was supported by the in vivo cleavage of lamins.
To elucidate, if the found complexes are similar to the known (micro-)apoptosome, 26, 34 we analyzed the distribution of Apaf-1, cytochrome c (cyt c) and caspase-9 by Western blotting. Surprisingly, apoptosis in AKR-2B cells did not induce the complex formation of Apaf-1, caspase-9 and cytochrome c ( Figures 5A and 6 ). Apaf-1 and caspase-9 still eluted in the same fractions most likely as mono-/dimers and cyt c as uncomplexed protein compared to non-starved cells. In addition, only the inactive zymogene of caspase-9 was detectable in Western blotting. In contrast to the in vivo situation (serum starvation), the addition of 200 mg cyt c, 2 mM dATP and 5 mM MgCl 2 ( Figure 7 ) to untreated cytosolic extracts resulted in the distribution of a considerable fraction of Apaf-1 into the 1.4 MDa complex, though the major part still eluted in the mono-/dimer region. In contrast, in THP- , to a lesser content in the mono-/dimer region and in the 1.4 MDa complex. Additionally, the in vitro complex formation was accompanied by differences in the DEVDase activity profiles. In THP-1 cells DEVDase eluted mainly as a sharp single peak in the free enzyme region, whereas in AKR-2B fibroblasts the major part of the activity eluted in the fractions corresponding to apoptosome complexes (200 kD and 700 kD) (Figure 7 upper panel) . Thus, the active subunits of caspase-3 and -6 were detected in different complexes. Caspase-3-p17 eluted in the apoptosome like 600 kD-and 250 kD-complexes, which seems to be composed differently from known described (micro-)apoptosomes. Furthermore, active caspase-6-p12 was found in a distinct, to our knowledge new complex of 450 kD. 44 eluted mainly in a range corresponding to a molecular weight of 200 ± 440 kD, most likely representing precursor proteasome complexes, 35 additionally to a lesser extent in the region of 25 ± 100 kD most likely representing single subunits. Trace amounts were found in the high molecular weight region around 2 MDa (Figure 6B, top) . In response to 3 h serum starvation the 20S-proteasome precursor complexes around 300 kD were still detected but there was a considerable increase in the fractions corresponding to *2 MDa (most likely representing the catalytically active S26-proteasome complexes. 35 ) Possibly a part of VEIDase-or IETDase activity, respectively, found in the high molecular weight region could be due to the presence of active proteasomes. Interestingly this fraction was clearly separated from the apoptosome. (Figure 6B ).
Caspase-12 is activated by serum starvation
Caspase-12 has been reported to be activated by endoplasmatic stress. 27 Here, we demonstrate the activation of caspase-12 by serum starvation in embryonic fibroblasts. In control cytosolic extracts of non starved cells the zymogene of caspase-12 with a molecular weight of 48 kD eluted at very high molecular weight region ( Figure 5C ). Further analyses using the Superose 6 HR column localized caspase-12 zymogene to 42000 kD ( Figure 6B ). No zymogene was detected in the microapoptosome complexes (250 kd). Caspase-12 seems to be activated at very low levels in nonstarved cells, eluting from the column as uncomplexed enzyme. In response to serum starvation caspase-12 is completely cleaved into distinct fragments as double bands of around 35 kD and 20 kD, respectively and released as free enzyme ( Figures 5C and 6B) . Unprocessed caspase-12 is not detectable any more.
Thus, we demonstrated the processing of caspase-12 in response to serum deprivation in embryonic fibroblasts resulting in various cleavage products.
Receptor-induced apoptosis mediated by caspase-8 is not involved
To examine the involvement of the receptor-induced apoptosis, mainly mediated by caspase-8, CrmA the inhibitor of caspase-8 was overexpressed in AKR-2B fibroblasts (Figure 8 ). The overexpression of a CrmA-GFP fusion protein ( Figure 8A ) or of CrmA cloned into pIRES expression vector ( Figure 8B ) does not prevent serum starvation (in combination with 10 mM anisomycin) induced apoptosis. Figure 8A shows apoptotic cells illustrated as phase contrast and fluorescent photographs, Figure 8B the cell loss of non-transfected compared to CrmA transfected AKR-2B sorted by FACS. Thus, apoptosis in response to serum starvation seems not to include the activation of caspase-8 and the following proteolytic caspase cascade.
Discussion
In previous articles the basic features of the death process of AKR-2B cells after serum deprivation were described. 30, 31 In brief, most characteristic features of apoptosis are present: cells round up, membrane blebs appeared and nuclei condensed. But remarkably no DNA fragmentation and no ingestion of the dead cell by its neighbors occurred. After serum deprivation a caspase-3 like protease is activated, the activation of which is prevented via different intracellular pathways. Besides PDGF-BB and okadaic acid, 29 forskolin, 8-Br-cAMP, colchicine and TPA were effective suppressors of protease activation and strongly promoted cell survival. 31 Figure 3 Caspase-3 is the dominant active caspase in AKR-2B fibroblasts. (A) Five mg protein of an apoptotic cytosolic extract of AKR-2B cells was separated on an anionic exchange column as described in Materials and Methods (OD 280 -trace and salt gradient are shown in the lower panel). The fractions were analyzed for caspase activity by the use of indicated caspase substrates (100 mM of DEVD.pNA and 200 mM of VEID.pNA, IETD.pNA and LEHD.pNA) (middle panel). The distribution of caspases within the fraction was analyzed by Western blotting of lyophilized fractions using specific antibodies for caspases-1, -2, -6 and -12 detecting both the zymogene and the activated cleaved form. The antibodies used for caspase-3 detect either the zymogene p32 or the activated p17 subunit of that enzyme, respectively. Additionally, all fractions were supplemented with 10 mM of the biotinylated caspase inhibitor YVK(-bio)D.aomk prior to lyophilization and labeling was analyzed by blotting followed by the incubation with extravidin-HRPO. (B) To analyze the expression of caspase-7 in AKR-2B cells Western blotting was performed by using an antibody directed against caspase-7. This antibody recognizes zymogene as well as cleaved casp-7. As a control, untreated or cytochrome c treated Jurkat cell lysates were used, showing the absence of caspase-7 in AKR-2B
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Here we demonstrate that caspase activities are maximal 3 h after onset of apoptosis. DEVDase is the main caspase activity with an 18-fold increase in activity in response to serum removal. Purification of the DEVDase by anionic exchange chromatography as well as by using 2-D gelelectrophoresis revealed that caspase-3 is the main active executioner caspase in AKR-2B cells. Caspase-7 protein is not detectable although its mRNA is expressed like all other caspases as confirmed by Riboquant assay. Activated caspase-6 was only detected by Western blotting after gel-chromatography. As an indirect evidence for an activation of caspase-6 the cleavage of lamins was demonstrated.
Growing evidence suggests that many of the key signaling events that take place within the cell are initiated and/or carried out within very large protein complexes. In general, complexes efficiently bring signaling molecules in close proximity to one another and often constitute a convergence point for various signaling pathways. Regarding stress-induced apoptosis, an apoptosome is formed composed of Apaf-1, dATP, and cytochrome c, which subsequently recruits and processes caspase-9, 36 ± 38 which in turn activates caspase-3. Most recent studies indicate that in native lysates activated with dATP, Apaf-1 oligomerizes into both 1.4 MDa and 700 kDa complexes, which recruit and process caspase-9. 26, 28, 34 However, only the latter complex activates caspases-3 and -7, and initial activation of these effector caspases appears to take place within the apoptosome complex. 34, 39 Interestingly, in AKR-2B cells activation of caspase-3 is independent of such an apoptosome composed of Apaf-1, cytochrome c and caspase-9, since serum starvation does not induce the formation of this`classical' 600 kD apoptosome; Apaf-1, cytochrome c and caspase-9 elute most likely as dimer or probably together with other unknown proteins. These results suggest differences between the in vitro complex formation by cytochrome c/dATP-treatment of cytosolic extracts and the in vivo situation of apoptosis induced by serum starvation.
Here we show that in apoptosis induced by serum starvation activated caspase-3 is recovered in three fractions during gelfiltration. Remarkably, the sizes of the complexes corroborate exactly with those reported by Cain et al. for human monocytic tumor cells (THP.1), 26 i.e.`apoptosomes'=600 kD,`microapoptosomes'=250 kD and uncomplexed caspase-3 (M.W. 80 kD), but the distribution of caspase-3 in these aggregates differs strikingly. Evidently, in AKR-2B cells most of the active caspase-3 is uncomplexed, which is in contrast to the previous report by Cain et al. 26 who found caspase-3 predominantly in the`microapoptosome'-fraction. The composition of these complexes remains to be elucidated, since Cain et al. only demonstrate the coelution of caspase-3 with Apaf-1 containing complexes. Clearly in THP.1 cells complex formation seems to be induced by an Apaf-1/caspase-9 dependent mechanism, 26 whereas in our system other pathways must be involved. Apparently in AKR-2B cells the mitochondrial pathway is not part of the serum starvation induced apoptosis because in addition to the missing`classical' apoptosome formation the membrane potential of mitochondria is not changed 30 nor is there any cytochrome c efflux (data not shown). Our data strongly suggests that complex formation of effector caspases might be brought about by an alternative different pathway. Induction of apoptosis might induce the distribution of active caspase-3 to these complexes. It is not clear, if these complexes activate caspase-3, because caspase-3 zymogene is only detected as free enzyme. One possibility is that caspase-3 is cleaved as free enzyme and than complexed together with other proteins and translocated to cellular compartments, where it can cleave its substrates. Besides to the 600 kD and 250 kD apoptosome-like complexes we describe here for the first time a new complex of 450 kD in which activated caspase-6 is localized. This complex is clearly separated from the complexes containing activated caspase-3. During receptor (CD95)-mediated apoptosis, formation of the DISC is absolutely required for activation of the apical caspase-8. 18 ± 21 . Activated caspase-8 in turn starts the caspase-cascade leading to the activation of caspase-3. Whether the DISC activates effector caspases during receptor-mediated apoptosis in a similar manner like the apoptosome is unknown, but such a mechanism is plausible. In any event, large complexes are apparently required for the activation of initiator caspases and may additionally activate effector caspases. In AKR-2B fibroblasts involvements of the caspase-8 mediated pathway is excluded since overexpression of CrmA, the viral inhibitor of caspase-8, failed to inhibit apoptosis.
The 26S-proteasome complex is important in the nonlysosomal degradation of proteins 40 and is suggested to be involved in apoptosis signaling (for review see 41 ). Recently the coelution of the proteasome with VEIDase/ IETDase activities was demonstrated. 26 Here we provide evidence that in response to serum starvation the proteasome assembles from precursor proteasome complexes into the *2 MDa complex, which seems to represent most likely the catalytically active 26S-proteasome complex. 35 Importantly, the proteasome complexes can be clearly separated from the apoptosome (by using Superose 6 column). Cain et al. speculated that VEIDase/ IETDase may be uncharacterized proteolytical activities of the proteasome. 26 This assumption is supported by our results that (1) the active proteasome complex of 2 MDa coelutes with VEIDase/IETDase activities which are not inhibitable by their corresponding inhibitors and (2) the precursor proteasome complexes, which are demonstrated not to be catalytically active, 35 , elute in control gelfiltration experiments in fractions lackingVEIDase/IETDase activities.
Recently an additional apoptotic mechanism has been described in mouse neuronal cells which involves caspase-12.
27 Caspase-12 is localized to the ER and specifically activated by endoplasmatic stress. Serum deprivation had no effect. The activation of caspase-12 in this ER specific pathway seems to be mediated by m-Calpain, which is sensitive to millimolar concentrations of calcium. 42 In contrast to these studies, we demonstrate here the activation of caspase-12 by serum deprivation in AKR-2B fibroblasts.
In summary, activation of caspase-3 in AKR-2B fibroblasts is independent of the known major pathways, namely by caspase-8 activation or the formation of an apoptosome containing Apaf-1, cytochrome c and caspase-9. One possibility is the activation of caspase-3 by a caspase-12 mediated pathway. Importantly, we demonstrated the distribution of activated caspase-3 and caspase-6 into different high molecular weight complexes. Further work is in progress to identify the proteins composing the apoptosome-like complexes and to elucidate the role of caspase-12 in the apoptosis after serum deprivation.
Materials and Methods
Materials
Antibodies directed against caspase-1 and -3 were supplied by Upstate Biotechnology (Biozol, Eching, Germany), caspase-2 and Apaf-1 by Transduction Laboratories (Becton Dickinson, Heidelberg, Germany), caspase-3-p17 and caspase-7 antibodies by New England Biolabs (Frankfurt, Germany), caspase-6 and cytochrome c by Pharmingen (Becton Dickinson, Heidelberg, Germany), caspase9p10 by Santa Cruz (Heidelberg, Germany) and 20S-proteasome, asubunit by Calbiochem (Bad Soden, Germany). Caspase-12 antibody was kindly provided by Dr. J Yuan and Dr. T Nakagawa (Harvard Medical School, Boston, USA). Caspase substrates and inhibitors were from Bachem (Heidelberg, Germany) except of LEHD.pNA, which was from Calbiochem. a-( 32 P)-dCTP was purchased from Hartmann Analytik (Braunschweig, Germany). Antibodies against lamins were a kind gift from Dr. G Krohne (Zoology, University of Wu È rzburg). CrmA was kindly provided by Dr. DW Nicholson (Merck Frosst Center for Therapeutic Research, Quebec, Canada). THP-1 cells were provided by DSMZ (Braunschweig, Germany).
Nuclease protection assay
Five mg of total RNA, prepared according to Chomczynski and Sacchi, 43 was used for nuclease protection assay Riboquant 1 . Following manufacturer instructions (Pharmingen, Becton Dickinson, Heidelberg, Germany) the RNA was hybridized with the template set mApo-1 for mouse caspases. To detect caspase-9 mRNA a probe was constructed by PCR using following oligonucleotide primers TGGTGGAGGTGAAGAACGAC and GAATTCAGTGCAGGCCACCT-CAAAG. As template an EST-clone (Acc No: AI155222) was used. The PCR product was cloned into pcDNA3.1/V5/His-TOPO (Invitrogen, Groningen, The Netherlands) and then used as template for nuclease protection assay following manufacturer instructions.
Cell culture
Stock cultures of AKR-2B mouse fibroblasts were propagated in antibiotic-free McCoy-5A medium (Life Technologies, Eggenstein, Germany) with 5% Hyclone calf serum for less than 3 months to minimize fluctuations. Cultures were seeded at a density of 5610 3 cells/cm 2 into 14.5 cm plastic dishes (Falcon, Becton Dickinson, Heidelberg, Germany) and grown for 5 days without medium change. To induce apoptosis cells were washed twice and further cultured in MCDB-402 medium (Life Technologies, Eggenstein, Germany).
For preparing cytosolic extract all steps were performed at 48C. Cells grown on 14.5 cm culture dishes were rinsed in 25 ml buffer A (5 mM MgCl 2 , 2 mM EGTA, 50 mM HEPES, pH 7.0), scraped with a rubber policeman and disrupted with a tight fitting Dounce homogenizator. Homogenate was clarified by centrifugation at 100 0006g for 20 min and the supernatant was immediately used. THP-1 were cultured in accordance to the literature. 34 8610 7 cells were harvested by centrifugation. The resulting pellet was resuspended in 3 ml buffer A and disrupted with a tight fitting Dounce homogenizator. Cytosolic extracts (100 0006g supernatant) were prepared by ultra-centrifugation (see AKR-2B).
Gel electrophoresis, immunoblotting and af®nity blotting
To label caspases with the specific inhibitor YVK(-bio)D.aomk (Bachem, Heidelberg, Germany) cytosolic extracts were incubated for 30 min at 378C with 10 mM of the reagent prior diluted in buffer A (see above). The samples were directly used or if necessary lyophilized.
For 1-D gel electrophoresis cell lysates were prepared as described previously. 31 Lyophilized fractions from ion exchange-or gel-chromatography or cytosolic extracts were diluted with SDSsample buffer (50 mM Tris-Cl, pH 6.7, 2% SDS) and after protein determination 2% 2-mercaptoethanol was added. Twenty mg was taken for electrophoresis using 12% acrylamide gels (30%/0.8% (w/w) acrylamide/bisacrylamide) with 0.75 mm thickness.
For 2-D gelelectrophoresis lyophilized samples were dissolved in IEF-buffer (8 M urea, 1% CHAPS, 1% DTT, 2% ampholytes pH 3.5 ± 10; Serva, Heidelberg, Germany) and incubated with Immobiline Drystrips (pH 3 ± 10, linear, Amersham Pharmacia) overnight. Following manufacturer instructions bioelectric focusing was done with 14 000 Vh. The strips were then loaded onto 17613 cm 12% polyacrylamide gels, running in parallel.
Immunoblotting was performed as described previously, 29 with the exception of antibodies directed against Apaf-1, caspase-3-p17 and caspase-12, which were performed with 5% milk powder in TBS/0,1% Tween-20 (25 mM Tris, pH 8, 75 mM NaCl, 1.25 mM KCl) instead of 2% BSA.
Affinity blotting was performed similar to immunoblotting. The biotin residue of the affinity label YVK(-bio)D.aomk was immunostained with peroxidase-conjugated extravidin (1 : 2000, Sigma, Munich, Germany).
Chromatography
Chromatographic separations were carried out using an inert pump model L 6210 from Merck-Hitachi. For gelfiltration 40 mg protein of cytosolic extract was applied onto a HiPrep Sephacryl-S-300 column (1.6660 cm; Amersham Pharmacia) with a flow rate of 0.8 ml/min in buffer A. Fractions of 1 ml were collected. For a better resolution of high molecular weight complexes additionally 10 mg protein of cytosolic extracts was subjected onto a Superose 6 HR 10/30 column (Amersham Pharmacia; flow rate 0.5 ml/min in buffer A; fraction volume 250 ll). Sephacryl S300 and Superose 6 HR 10/30 columns were calibrated with a gelfiltration calibration kit (Amersham Pharmacia) showing the expected resolution. To reconstitute an apoptosome complex cytosolic extracts of AKR-2B or THP-1 cells were preincubated with 200 mg cytochrome c, 2 mM dATP and 5 mM MgCl 2 (all Sigma, Munich, Germany) for 1 h at 378C and were subsequently separated by Superose 6 HR column. For anionic exchange chromatography 5 mg of protein were separated on Resource Q column (0.565 cm, Merck, Darmstadt, Germany). A linear gradient starting from buffer A to buffer A containing 0.3 M NaCl was applied during 1 h. Flow rate was 0.5 ml/min and fractions of 0.75 ml were collected.
For Western blotting 200 ml was lyophilized and taken up in 60 ml SDS-sample buffer. Fifteen ml was taken for electrophoresis.
Caspase activity assay
To determine caspase activity cytosolic extract was supplemented with substrate (DEVD.pNA, VEID.pNA, IETD.pNA or LEHD.pNA), adjusted in microtiter plates to 100 ml with buffer A. For measurement of caspase activity after chromatography 100 ml of a respective fraction was supplemented with 10 ml of concentrated substrate. For inhibitor studies the specific inhibitors were preincubated for 10 min before substrate was added. The enzymatic reaction was carried out in a microtiter plate for 45 min at 378C. Absorbance was measured at 405 nm in a microtiter plate-reader and the specific activity was calculated using p-nitroanilide as a standard.
Transfection,¯ow cytometric analysis and immuno¯uorescence
Eighteen hours prior to transfection 4610 6 AKR-2B fibroblasts were seeded into 14.5 cm plates. Cells were detached with trypsin and 2610 6 cells were resuspended in hypo-osmolaric buffer (0.3 mM KH 2 PO 4 , 0.85 mM K 2 HPO 4 , 25 mM myo-inositol, 100 mOsmol). Transfection with 10 mg of plasmid DNA was done using an electroporator (Eppendorf, Hamburg, Germany) with 400V, 100 ms, and two pulses.
For flow cytometric analyses transfected cells were grown in 6-well plates. After starvation for the indicated times cells were detached and equilibrated to 1610 6 cells/ml in PBS. Nuclei were counterstained with 2 mg/ml 7-AAD and analyzed using EPICS ESP from Coulter (Beckman Coulter, Krefeld, Germany).
For time lapsed fluorescence microscopy transfected cells were grown on coverslips to subconfluency. The coverslips were mounted into an appliance for culturing cells under the microscope (Leica DM IRB, Leica, Bensheim, Germany) and were overlaid with appropriate medium. To counterstain nuclei 0.1 mg/ml of Hoe33342 (Sigma, Mu È nchen, Germany) was added. Filter N.1 and A (Leica, Bensheim, Germany) were used to monitor blue or green fluorescence, respectively. Photographs were recorded using a cooled digital camera (Kappa, Gleichen, Germany).
